The product of nos is required at the posterior pole of the embryo for the differentiation of abdominal structures, but not for pole cell formation. A previous analysis that reported the expression of germline-specific enhancer-trap lines suggested that nos also controls the timing of the initiation of transcription of germline-specific genes. Here we repeat the experiments that led to this hypothesis and we report further experiments. Our results show that, contrary to what had been reported, germ cells of embryos deriving from nos females do not show premature gene expression. Germ cells of such embryos, however, often show artefactual lacZ staining even in the absence of a lacZ gene.
Introduction
In Drosophila, the anterior-posterior (A-P) axis is determined by a series of maternal products that are asymmetrically distributed in the egg. The primary determinant of anterior structures is bicoid (bcd), a maternally transcribed gene, whose RNA is tightly localised to the anterior pole of the egg. After fertilisation, the bcd RNA is translated, and an anterior-to-posterior gradient of protein is formed (Struhl et al., 1989; Driever and Nüsslein-Volhard, 1988; St Johnston and Nüsslein-Volhard, 1992) . Besides activating target genes at the level of transcription, bcd is also involved in the control of translation, as it has been shown that bcd blocks the initiation of translation of the ubiquitously distributed caudal (cad) RNA. As a result, a posterior-to-anterior gradient of cad protein is formed (Dubnau and Struhl, 1996; Rivera-Pomar et al., 1996) .
The maternal mRNA of the gene nanos (nos) is localised to the posterior pole of the embryo, and its translation yields another posterior-to-anterior gradient Lehmann, 1992, 1994) . The nos protein acts by repressing the translation of maternal and ubiquitous hunchback mRNA (hb mat ) in the posterior of the embryo. This is necessary, as hb mat would otherwise inhibit abdomen formation. Through the effect of nos, an anterior-to-posterior gradient of hunchback is thus formed. This allows for the activation of the posterior gap genes knirps and giant in response to cad product (Rivera-Pomar et al., 1995) . The observation that embryos that lack both nos and hb mat products are apparently normal and viable shows that nos is required during embryogenesis, not to promote the differentiation of posterior structures, but only to suppress hb mat translation (Hülskamp et al., 1989; Irish et al., 1989; Struhl, 1989) .
For a number of genes, it has been shown that the same gene product can act at different times of development and in different pathways. The product of daughterless, e.g. acts both in sex determination and in the determination of the peripheral nervous system (Cline, 1978 (Cline, , 1993 Caudy et al., 1988) . Since nos protein is incorporated into germ cells (Wang et al., 1994) , it was postulated that this product might have a separate second function within the germline (Kobayashi et al., 1996) .
The precursors of the germ cells are formed at the posterior end of the embryo, around blastoderm (stage 5), even in the absence of nos (Lehmann and Nüsslein-Volhard, 1991; Wang and Lehmann, 1991) . In wildtype embryos at this stage, zygotic genes start to be transcribed in somatic tissue. In germ cells, newly synthesized transcripts are not detected until stage 7, when germ cells lie surrounded by forming gut cells in the gastrulating embryo (Williamson and Lehmann, 1996; Seydoux and Dunn, 1997) . The expression of germline-specific enhancer-trap lines, which reveal specific gene transcription in germ cells is first detected at stages 13-14, when germ cells are already imbedded in the gonad (Kobayashi et al., 1996; Staab et al., 1996; Janzer, Heller and Steinmann-Zwicky, unpublished data) .
The analysis of the expression of three independent germline-specific enhancer-trap lines in embryos lacking the maternal nos product, suggested that genes are expressed prematurely in germ cells of embryos deriving from nos mothers (Kobayashi et al., 1996) . The authors write that in the mutant embryos, staining was detected at stages 7-8, when pole cells begin moving into the embryo with the proctodeal invagination. Here we show that neither the three enhancer-trap lines tested nor other enhancer-trap lines, are prematurely expressed in embryos deriving from nos females. Together with the observation that in such embryos newly-synthesised transcripts appear at the same time as in wildtype embryos (Seydoux and Dunn, 1997) , our results show that germ cells do not require nos product for the correct timing of gene expression.
Results

Unspecific, pH-dependent X-Gal staining of dying cells
Embryos deriving from nos mothers form a wildtype number of germ cells at blastoderm, but not all of these germ cells enter the mutant embryos. The cells that remain outside degenerate. We have observed that such degenerating cells become blue when embryos are stained with XGal. In our experiments, some 10% of the 12-14-h-old embryos (stages 15-16) deriving from nos females had such blue cells. To test whether the staining of degenerating germ cells is related to the presence of an enhancer-trap line, we crossed nos females to wildtype males (Oregon R), which possess no lacZ transgene. We also crossed nos females to males carrying the germline-and male-specific en-trap line mgm1 (Staab et al., 1996) . As a control, we crossed wildtype females to wildtype males. Of each cross we collected four batches of progeny, which we stained for X-Gal at four different pH conditions. For each experiment, 40 embryos were scored.
At pH 7, progeny deriving from nos females sometimes possessed blue cells at the posterior pole, irrespective of the presence of a lacZ transgene (Fig. 1A ). These cells are germ cells which have failed to enter the embryo and are located outside the embryo long after pole cells are normally found there. In older animals (stage 16, 14 h old) these cells are reduced in size, which is typical of degenerating cells. Germ cells that had managed to enter embryos carrying the germline-specific transgene showed no lacZ expression before stages 13-14. None of the internalised germ cells of embryos lacking a transgene were blue and no blue cells were found in wildtype embryos.
At pH 4, not only germ cells but whole embryos deriving from nos mothers turned blue, irrespective of the presence of a lacZ transgene, while no such staining was seen in wildtype embryos. Patches of blue cells were also detected in embryos deriving from nos mothers, when these embryos were stained with X-Gal at pH 6.0. Pole cells lying outside of such embryos showed a dark blue colour. In contrast, no blue staining was detected in embryos lacking a lacZ transgene when staining was performed at pH 8.
From these experiments, we conclude that dying cells show an unspecific pH-dependent staining when treated with X-Gal. Most noteworthy is the observation that degenerating germ cells located outside a nos-derived embryo unspecifically turn blue, when embryos are stained for XGal even at pH 7, while germ cells that have managed to enter an embryo lacking nos do not show unspecific X-Gal staining. In the following experiments, we therefore always performed X-Gal staining at pH 7 and we only analysed the staining of cells within the embryos.
Exact staging of embryos reveals no premature expression of enhancer-trap lines
The enhancer-trap line mgm1 was not prematurely expressed in embryos deriving from nos females. To learn whether this is the rule or the exception, we tested, in embryos lacking nos, the expression of four other enhancer-trap lines that are specifically expressed in germ cells. One line, BC69, reflects the expression of the gene vasa (Couderc and Laski, pers. commun.). In wildtype embryos, it is expressed in 14-16-h-old embryos (stages 16-17), when deriving from the father (which excludes maternal product). We also tested three enhancer-trap lines which are normally expressed in germ cells of first instar larvae and one that is expressed at the beginning of the second larval instar (n = 50 embryos in each experiment). In all our experiments, we never observed any premature expression of a germline-specific marker in embryos deriving from nos females. Staining with vasa-antibody, which recognises all germ cells because they contain maternally derived vasaprotein, revealed that an average of 13.1(±5.1) germ cells were present within the embryos.
We decided to test the expression of the three enhancertrap lines that had been reported to be expressed prematurely. In wildtype embryos, all three lines, 198, 640 and 4351, had been described to be expressed in pole cells incorporated in gonads, at stages 13-14 (Kobayashi et al., 1996) . In nos − embryos, 198 expression was said to be detected in pole cells of stages 7-8 embryos, when pole cells begin moving into the embryo with the proctodeal invagination and in subsequent stages. Furthermore, it was reported that similar results were obtained with the two other independent enhancer-trap lines 640 and 4351.
Since we found it difficult to stage embryos deriving from nos females exactly, we crossed nos females to males carrying a construct consisting of the promoter of the gene Deformed and a lacZ transcription unit (Dfd::lacZ, line F1-70.2, Zeng et al., 1994 ) on their X chromosome, and one copy of the autosomal en-trap lines 198, 640 or 4351. Female progeny deriving from such a cross show the Dfd pattern of expression in their heads (Fig. 1B) . These females can be staged very precisely: two thin blue lines appear laterally at stage 12 (9 h), the lines grow closer and stronger at a more anterior position at stage 14 (11-12 h). Finally, they are visible as two strong dots at the very anterior of the embryo at stage 16 (14-16 h).
In all the experiments, 10-15% of the pole cells remaining at the posterior pole, outside of the embryo, were blue, irrespective of the presence of a germline specific enhancertrap line and irrespective of the stage analysed (Fig. 1B) . The germ cells, however, that managed to enter the embryos never expressed 198, 640 or 4351 before stage 14. The Dfd pattern appeared at stage 12 (9 h). At this stage, germ cells could be revealed by staining with vasa-antibody, but none of the germ cells expressed b-galactosidase (Fig. 1C) . The domain of Dfd expression was larger than normal, but the timing and the anterior localisation of the staining was normal. The lines 198 and 4351 were first expressed in embryos of stage 14 (12 h), but expression of line 640 was not detected until stage 15 (13 h). Precisely-timed egg collections showed that the temporal control of expression of all three enhancer-trap lines was similar in mutant embryos deriving from nos females and in control embryos deriving from nos/TM3 females. Embryos that were too young to show any Dfd expression displayed no lacZ staining.
Discussion
No premature gene expression in germ cells deriving from nos females
It has been reported that in the germ cells of embryos deriving from nos females, gene expression begins prematurely, while pole cells are still located outside of the embryo (Kobayashi et al., 1996) . Our data suggest that this conclusion was erroneous. Embryos deriving from nos females form a wildtype number of germ cells at blastoderm, but many of these cells remain outside and degenerate. Because of these 'pole cells', embryos might appear younger than they really are (see Fig. 1A ). We have shown that the degenerating germ cells located outside of embryos lacking nos product become blue when stained to reveal b-galactosidase activity, even if no lacZ construct is present in these cells. Staining of degenerating cells after XGal treatment has been reported before (Gönczy et al., 1992) . This staining should not be mistaken for the tissuespecific expression of a lacZ marker whose expression is assessed. We never observed any premature expression of a germline-specific marker in embryos deriving from nos females. Besides BC69 and mgm1, we tested three enhancer-trap lines which are normally expressed in the germ cells of first instar larvae and one that is expressed at the beginning of the second larval instar and found no prematurely-staining germ cells. Three enhancer-trap lines were reported to be expressed in germ cells of mutant stage 7 embryos and in all later stages tested (Kobayashi et al., 1996) . We repeated the experiments that led to this conclusion and tested the expression of the same three enhancer-trap lines in embryos deriving from nos females. We staged the test-animals exactly with the help of a marker that was expressed in all female embryos. Germline specific expression of the enhancer-trap lines was obtained after 12 h (stage 14) in the case of the lines 198 and 4357, and after 13 h only (stage 15) in the case of line 640. Our data show that there is neither ectopic nor premature expression of germline-specific genes in embryos deriving from nos females. We therefore believe that the embryos reported to possess germ cells expressing enhancer-trap lines prematurely were older than reported, showing either the artefactual unspecific and pHdependent staining or showing the specific staining of germ cells from stage 14 on.
Recently it has been shown that germ cells of young embryos, which are not transriptionally active, do not possess a phosphorylated form of RNA polymerase II. Somatic cells, however, whose genes are transcribed at these stages, possess this form of the polymerase (Seydoux and Dunn, 1997) . The phosphorylated form of polymerase II is a good marker that reflects gene transcription in both C. elegans and Drosophila. When the onset of polymerase II phosphorylation was studied in Drosophila germ cells, no difference was found between the germ cells of wildtype embryos and germ cells of embryos deriving from nos mothers (Seydoux and Dunn, 1997) . This supports our finding that no premature gene activity is found in germ cells lacking nos activity.
Is nos required in the germline?
Enhancer-trap lines reveal the transcriptional activation of specific genes. Translational control cannot be detected with these constructs. The nos product is known to act by repressing the translation of its target, the hb mat RNA. This is achieved by promoting deadenylation (Wreden et al., 1997) . The nos product has also been described to repress the translation of bcd RNA (Wharton and Struhl, 1989) , thereby ensuring that genes that promote head differentiation are not expressed in regions where nos is present. Our observation that markers that are expressed in the head (Dfd:lacZ, and also mgm1, which is also expressed in head structures) show a broader domain of expression in embryos deriving from nos females probably results from this lack of bcd repression. Since nos is known to repress the translation of two target genes, it is not surprising that there is no evidence that nos controls the initiation of transcription of germline-specific genes. It can, however, not be excluded that nos protein is required later in germ cells, for a different function. Germ cells of embryos deriving from nos females were mostly not integrated in host ovaries and did not give rise to functional gametes after pole cell transplantation (Kobayashi et al., 1996) . These results suggest that nos might be required within germ cells for normal development. However, two different research groups have reported that germ cells lacking nos function can form functional gametes (Hülskamp et al., 1989; Irish et al., 1989) . In both papers, animals deriving from germ cells lacking both nos and hb mat were produced and these animals were reported to be fertile. Therefore, if nos is required in the germline, we do not know so far what its function might be.
Experimental procedures
Embryonal stages were described by Campos-Ortega and Hartenstein (1985) and Hartenstein (1993) . X-Gal and antibody staining were performed as reported in Poirié et al. (1995) . The nos allele used is nos
L7
. The presence of the germline-specific enhancer-trap lines was detected due to staining of head structures (mgm1) or to the staining of other structures (lines from Kobayashi) that is displayed by these lines. Precisely-timed egg collections were made by collecting eggs on consecutive agar plates, letting the flies lay eggs for exactly 1 h on each plate. X-Gal staining of all embryos was performed when the oldest egg collection was 16-17 h old. For each batch, 50-70 embryos carrying the desired markers were analysed.
